The discovery and certain aspects of the biosynthesis of dipicolinic acid (pyridine-2,6-dicarboxylic acid) in exudates of germinated spores and in intact spores of aerobic bacilli have been recently reported (Powell, 1953;  Perry and Foster, 1955) . In the latter paper it was noted that maximum recovery of dipicolinic acid from intact spores necessitated an initial treatment with hot dilute inorganic acid, implying, as one posibility, that the dipicolinic acid exists in the spore in a bound inorganic or organic combination, or both.
In view of the fact that calcium dipicolinate was isolated from exudates of germinated spores of Bacillus megaterium (Powell, 1953) , and in view of the report that spores of aerobic bacilli are uniquely enriched in calcium (Curran et al., 1943) , the possibility that the natural form of dipicolinic acid in intact spores is exclusively or mainly calcium dipicolinate had to be considered. Quantitative analyses were therefore made of the content of calcium and of dipicolinic acid in the same batches of spores of BaciUus cereus var. mycoides. Spores obtained from a growth medium containing yeast extract and spores obtained endotrophically contained, respectively, only 0.14 and 0.021 milliequivalents of calcium per milliequivalent of dipicolinic acid (Perry and Foster, 1955a dipicolinic acid (Perry and Foster, 1955) , a second, relatively minor, ultraviolet absorbing spot was observed in certain extracts. It proved to be a combined form of dipicolinic acid. This paper describes the purification and isolation of that material in crystalline form. Its identification as the monoethyl ester of dipicolinic acid, and confirmation by chemical synthesis are also described.
EXPERIMENTAL METHODS
The strain of B. cereus var. mycoides employed in this study was (Perry and Foster, 1955) . Dipicolinic acid and the unknown faster moving component, spot 2, reacted as acid, showing as yellow spots against a greenish-blue background when one of the duplicate strips was sprayed with brom cresol green solution.
The absorbing materials were eluted with water from the appropriate cut-out portions of the remaining strip, and the ultraviolet absorption spectrum of each (in ethanol) obtained. Authentic dipicolinic acid was also run (figure 1). Spot 1 and dipicolinic acid gave identical spectra with maxima at 264, 270 (principal) and 278 mp.
The spectrum of material from spot 2 was similar but with significant shifts. The maxima were 266, 272 (principal) and 278, with a well defined minimum at 276 m,u. The maximum at 278 mjy was a peak in the case of dipicolinic acid and a slope in the case of spot 2.
Isolation of the new compound in crystalline form. The absorption spectra suggested that the unknown substance was closely related to dipicolinic acid and probably a derivative. Its isolation in amounts suitable for chemical identification was undertaken by means of partition chromatography. The acidic ether soluble fraction was obtained as described above from spores harvested from some 200 pans. The dry material was placed on a celite column (45 x 2.5 mm) prepared with chloroform containing 0.25 per cent n-butanol. Elution was continued with the same solvent mixture, 10-ml fractions being collected. Presence of ultraviolet absorbing material in the various fractions was followed by paper chromatography of 10 IAL of each fraction. Ether-formic acid-water (40:3:2 (v/v)) was the developing solvent for the paper chromatograms. This column was designed to remove small amounts of acidic fast moving non-ultraviolet absorbing impurities. In this system the unknown substance appeared after about 250 ml eluate had been collected; dipicolinic acid appeared after about 700 ml had been collected. After 1000 ml no more unknown was in evidence. Fractions between 250 ml and 1000 ml were combined and evaporated to dryness in vacuo without heating. The residue was then rechromatographed on a celite column (45 x 2.5 mm) using 100 per cent chloroform as the developing solvent, and the progress of the elution-followed by paper chromatograms as described above. Dipicolinic acid and the unknown were readily separated by this procedure; the elution patterns are shown in figure 2 water (twice) until it showed a constant melting point of 121.5 C (block).
Characterizaion of the unknown compound&.
The absorption spectrum of the crystalline material was identical with that of the spore compound (from spot 2) in figure 1. Potentiometric microtitration of duplicate weighed samples with 0.0953 N NaOH gave neutralization curves with a single inflection suggestive of a monocarboxylic acid. On this assumption, the neutralization equivalents (molecular weights) were 202.5 and 209.4, respectively (average = 205.9).
The crystalline material analyzed as follows: Identifiction of the synthetic product. Proof of the structure requires that ethanol, in addition to dipicolinic acid, is a product and the only other product of saponification. Samples of the crystalline natural and the crystalline synthetic products were saponified with 3 N NaOH. The ethanol was recovered quantitatively by distillation of the saponified solution, and was oxidized to acetic acid by standard K2Cr2Or H2S04 mixture (Neish, 1952) . Both the dichromate reduced and the acetic acid produced in the oxidation were measured quantitatively, the former by titration with standard Na2S20, solution with iodine as an indicator and the latter by titration with standard NaOH following its recovery by steam distillation. The data in table 2 show that the equivalents of dichromate consumed in the oxidation were very close to the theoretical for ethanol, and that the equivalents of volatile acid produced in the oxidation were very close to the theoretical on the assumption that ethanol was being oxidized. The volatile acid was recovered by acidifying the titrated solution (H2SO4) followed by steam distilla- is not yet ascertainable because treatments necessary to release the compound from a bound form also hydrolyzed the ester linkage. The content of ethyl groups in spores is higher than in vegetative cells, but the evidence cannot yet be used to conclude that all or a major part of the dipicolinic acid in spores exists in esterified form.
